The concentration of orotic acid in dry whey ranged between 64 and 146 mg/100 g and appeared dependent on whey type. The orotic acid of modified whey products, prepared commercially by electrodialysis, ultrafiltration, gel filtration, or polyphosphate precipitation was between 7 and 124 mg/lO0 g, which was less than that of dry whey. It appears that whey processing methods do not concentrate orotic acid in whey fractions.
INTRODUCTION
Recent interest has been generated by the Federal Food and Drug Administration (FDA) in determining the orotic acid content of milk and milk-derived products. Studies have been extensive to determine the physiological effects of ingestion of orotic acid. This metabolic intermediate can act as a growth stimulator in rats (1, 7) and chicks (8) . However, orotic acid in large amounts may cause fat build-up (2, 6, 11) and necrosis (5) in the liver of rats. Orotic acid, the structure of which is shown below, is a slightly water soluble, carboxylic acid derivative of uracil (4) and is found naturally in small amounts in bovine milk. Consequently, when milk is made into cheese, the orotic acid may be in the whey. Because of the proliferation and increased utilization of whey products, it is important to know if whey processors are concentrating orotic acid in any of the products during fractionation of whey.
The objective was to determine the orotic acid content of various whey types obtained from different geographical sources and to determine the orotic acid content of whey products commercially available.
MATERIALS
Whey products were from commercial sources. Liquid whey from various cheese manufacturers was freeze dried. Orotic acid (Lot H2B) was purchased from Eastman Organic Chemicals, Rochester, NY, and used without further purification for standard curves and recovery studies. The color-developing compound, p-dimethylaminobenzaldehyde; the extraction solvent, butylacetate (food grade); potassium citrate; citric acid; L-ascorbic acid; and zinc acetate (Carrez Reagent II) were from J. T. Baker, Clifton, NJ. The potassium ferrocyanide (Carrez Reagent I) was from Fisher Scientific Company, Springfield, NJ. Bromine gas was bubbled through distilled water until saturated to make bromine water. Water was distilled. Light absorption readings were taken on a Bausch and Lomb Spectronic 70 spectrometer in 1-cm pathlength quartz cells.
METHODS
The method of Okonkwo and Kinsella (10) , which is a modification of the method of Adachi et al. (1) , was used for determination of orotic acid. Selected samples also were analyzed by the method of Motz (9) with several modifications. The modifications for the determination of a standardcurve and color development were as follows. Aliquots of standard, aqueous .128 mM orotic acid solution were pipetted into 16 × 150-ram test tubes, and the total volume was made up to 5.0 ml with distilled water to give orotic acid concentrations which ranged from .032 to .128 mM. The test tubes 684 EMP1E AND MELACHOURIS were used as the reaction vessels for the steps of color development as described by Motz (9) . Following color development and extraction, the organic phase was transferred to a second test tube, and a small amount of anhydrous Whey product sodium sulfate was added. Absorption measure-(% protein) ments of aliquots of this solution were taken at 458 nm.
18 Orotic acid content of whey products was 18 determined by dispersing a .75-g sample in 15 50 to 20 ml of water in a 100-ml volumetric flask. 50 31 The flasks were made up to about 80 ml with 31 water and placed in a boiling water bath for 15 18 min. Carrez Reagent I (1.5 ml) and 1.5 ml of 18 Carrez Reagent II were added in order. Flasks 5 11 were swirled and cooled to room temperature 35 in an ice-water bath, made up to volume with 25 water and a portion of each solution was 29 filtered through Whatman No. 4 filter paper.
12 Five milliliters of the filtrate were analyzed 11 12 colorimetrically as described above. Appropri-12 ate dilutions of the filtrate were made when necessary. All analyses were in duplicate. bMethod B was that of Motz (9) .
RESULTS & DISCUSSION

Accuracy of Method
Two methods commonly are used for orotic acid in milk-containing products. One method is that used by Okonkwo and Kinsella (10) to analyze dry milk powders for orotic acid directly. The second method is that used by Motz (9) to determine the orotic acid in milk chocolate.
The orotic acid determined by the two methods did not agree. In this study, values by Motz's method (9) were significantly lower than those by Okonkwo and Kinsella's method (10) . The results are in Table 1 .
To resolve these differences, recovery studies were made by adding known amounts of orotic acid to selected whey samples. To insure complete sample uniformity, 10 ml 3.20 mad orotic acid were added to 10 g of sample, and the sample was dispersed in additional water until homogeneous. The mixture was freeze dried and dry milled.
Recovery data obtained by both methods are in Table 2 . The method of Motz (9) yielded recoveries of 0nly 63 to 80% of the added orotic acid compared to 102% for Okonkwo and Kinsella's method (10 (10) was not only simpler but also more accurate for the analysis of orotic acid in whey products.
Analysis of Raw Whey
Liquid cheddar, cottage, mozzarella, and feta wheys from 12 cheese producers in four states were freeze dried prior to analysis.
Orotic acid determinations using Okonkwo and Kinsella's method (10) showed that the whey samples contained between 64 mg and 146 mg orotic acid per 100 g of dry whey (Table 3) . Sweet whey samples contained between 95 mg to 146 rag/100 g compared with 64 mg to 87 rag/100 g for cottage whey, 103 mg to 105 mg/100 g for mozzarella, and 87 mg/100 g for feta whey. There appeared a slight correlation of orotic acid concentration with whey type. Sweet whey (cheddar) sampIes tended to have more than the acid (cottage) whey.
Insufficient data were collected to confirm any relationship between orotic acid concentration and the source of the whey. Samples taken on different days from the same cheese maker contained consistent amounts of orotic acid, but these varied from one cheese maker to another.
The variation is probably due to some orotic acid retention by the curd which would be affected by manufacturing conditions. Curd retention also may be the reason why orotic acid in whey was generally less than the 112 mg to 134 mg/100 g found in milk powders by Okonkwo and Kinsella (10) .
Analysis of Products Derived from Whey
Determinations were on whey-derived products classified, generically, as whey, permeate, lactose, modified whey (less than 25% protein), and whey protein concentrates (greater than 25% protein). Also included were soy-whey blends.
The results, Table 4 , show that the products exhibited wide variation in orotic acid content and ranged from 7 to 124 rag/100 g. There was no relation between orotic acid concentration and generic type of whey product. However, a trend was noted between orotic acid and protein content of whey protein concentrates produced by electrodialysis and ultrafittration. For the electrodialyzed and, to a lesser extent, the ultrafiltered whey protein concentrates, the orotic acid content decreased as protein content increased. This is expected since both methods remove low molecular weight compounds by transport, especially charged species, to achieve high-protein products.
The data show that all the whey products analyzed contained orotic acid less than or equal to those for whey and milk (10) . The data indicate that commercial whey processing methods do not concentrate orotic acid in any one fraction.
